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SCH 23390 blocks drug-conditioned place-preference

and place-aversion:

anhedonia (lack of reward) or apathy (lack of motivation)

after dopamine-receptor blockade?
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Abstract. The influence of the D; antagonist SCH 23390
on the motivational properties of rewarding (morphine, nic-
otine and diazepam) and aversive (naloxone, phencyclidine
and picrotoxin) drugs was studied in the rat in a two-com-
partment place-conditioning paradigm, which included a
pre-conditioning test for spontaneous place-preference. The
specific D; dopamine-receptor antagonist SCH 23390
{0.05 mg/kg SC), paired with both compartments or, sepa-
rately, with the preferred or with the non-preferred com-
partment, failed to affect the spontaneous unconditioned
preference of the animal. Pairing of morphine (1.0 mg/kg
SC), nicotine (0.6 mg/kg SC) or diazepam (1.0 mg/kg IP)
with the less preferred compartment induced significant
preference for that compartment. Pairing of SCH 23390
(0.05 mg/kg SC) with both compartments completely
blocked the place-preference induced by morphine, nicotine
and diazepam. Naloxone (0.8 mg/kg SC), phencyclidine
(2.5 mg/kg SC) or picrotoxin (2.0 mg/kg IP) paired with
the preferred compartment elicited place-aversion. Pairing
of SCH 23390 (0.05 mg/kg SC) with both compartments
abolished also the place-aversion induced by naloxone,
phencyclidine and picrotoxin. The results indicate that
blockade of dopamine transmission blocks the motivational
properties of rewarding as well as aversive stimuli. It is
suggested that neuroleptics rather than simply blocking the
rewarding impact of positive reinforcers (anhedonia, lack
of pleasure) exert a more general influence on conditioned
behaviour by blocking the affective impact of negative as
well as positive reinforcers (apathy, lack of motivation).
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Central dopamine (DA) is currently regarded to play a key
role in unconditioned as well as in conditioned behaviour.
In fact, DA receptor blockers exert profound effects on
operant behaviour which have been attributed to an impair-
ement of performance as well as motivation (Liebmann
1983). In particular, it has been postulated that neuroleptics
interfere with the reinforcing impact of unconditioned stim-
uli (*“anhedonia’) and that dopamine mediates the pleasur-
able quality of reinforcement (Wise 1983).

However, an alternative explanation is that neuroleptics
impair the stimulus control of behaviour independently
from the motivational quality, positive or negative, of the
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stimulus (Dews and Morse 1961). In agreement with this,
neuroleptics block the efficacy of negatively reinforcing
stimuli in a conditioned avoidance paradigm (Liebman
1983).

In agreement with this possibility neuroleptics block the
efficacy of negatively reinforcing stimuli in a conditioned
avoidance paradigm (Liebman 1983). Unfortunately, how-
ever, the theoretical impact of these observations is atten-
vated by the possibility that the effects of neuroleptics on
conditioned avoidance are in part or entirely attributable
to a deficit in performance rather than motivation (Bignami
1978; Grilly et al. 1984). Moreover, in a conditioned avoid-
ance paradigm an anhedonia mechanism cannot be ex-
cluded, as the behaviour could be maintained by positive
reinforcement via feedback safety signals (Mackintosh
1974).

Place-conditioning can be utilized for studying the moti-
vational properties of drug stimuli and is based on the fact
that animals prefer environmental stimuli paired with posi-
tive reinforcers (place-preference) and avoid environmental
stimuli paired with negative reinforcers (place-aversion)
(Garcia et al. 1957). Depending on the drug, palce-prefer-
ence (Rossi and Reid 1976; Reicher and Holman 1977;
Katz and Gormezano 1979; Sherman et al. 1980; Bozarth
and Wise 1981; Spyraki et al. 1982a, b; Fudala et al. 1985)
or place-aversion (Mucha et al. 1982; Mucha and Iversen
1984; Barr et al. 1985; Spyraki et al. 1985; Iwamoto 1986)
is obtained. In agreement with the notion that DA is essen-
tial for the rewarding properties of drug stimuli, blockade
of DA-receptors has been reported to reduce or to abolish
the place-preference conditioning induced by amphetamine
and opiates (Bozarth and Wise 1981; Spyraki et al. 1983;
Leone and Di Chiara 1987). Other studies, however, have
failed to otain an impairment of drug-reward with neu-
roleptics (Spyraki et al. 1982; Mackey and Van der Kooy
1984; Martin-Iverson et al. 1984). Biochemical data in fa-
vour of the DA hypothesis of drug reward have been re-
cently provided by us using brain dialysis in freely moving
rats. Thus it has been shown that drugs of abuse belonging
to widely different categories (ethanol, amphetamine, co-
caine, morphine, nicotine and phencyclidine) share the
property of stimulating DA-release preferentially in the n.
accumbens as compared to the dorsal caudate (Imperato
and Di Chiara 1986; Imperato et al. 1986; Di Chiara and
Imperato 1986; Di Chiara et al. 1987; Di Chiara and Imper-
ato 1988a, b). In order to further evaluate the role of DA
In motivation we have studied the effect of blockade of
DA transmission by the D, antagonist SCH 23390 (lorio
et al. 1983; Hyttel 1983) on the place conditioning elicited
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by drugs with aversive or with rewarding properties such
as naloxone (Mucha and Iversen 1984 ; Spyraki et al. 1985)
phencyclidine (Barr et al. 1985; Iwamoto 1986) and picro-
toxin {Spyraki et al. 1985) or morphine (Rossi and Reid
1976, Sherman et al. 1980; Mucha et al. 1982), nicotine
(Fudala et al. 1985) and diazepam (Spyraki et al. 1985).

Materials and methods

Animals. Male Sprague-Dawley rats (Charles River, Calco,
Italy) weighing 200-250 g were used. The rats were housed
in groups of six with water and food available ad lib. under
an artificial 12 h light dark cycle (lights at 6.00 a.m.) and
constant temperature (22° C) and relative humidity (60%).

Apparatus. The apparatus consisted of two square-base
Plexiglas compartments (h 38 x 30 x 30 cm) one with white
and the other with grey walls and transparent covers, sepa-
rated by guillotine doors. The apparatus was placed in a
soundproof room with white noise and constant light pro-
vided by a 40 W lamp placed above the compartment.

Procedure. Each experiment was performed over 8 days and
was composed of three phases. During the first phase (pre-
conditioning) rats were given access to both compartments
of the apparatus for 15 min each day for the 2 days. On
day 3, the time spent by the rat in each compartment was
recorded. This time indicates the “unconditioned” prefer-
ence of the rat for each compartment. The second phase
(conditioning) had a duration of 4 days during which the
rats were administered drugs or vehicle. In order to study
place-preference, the rats were exposed for 30 min or for
1 h (depending of the drug) to the non-preferred compart-
ment after administration of the drug and after an interval
of 4 h to the preferred compartment after administration
of saline; care was to balance the order of exposures to
each compartment. During the third phase (post-condition-
ing), on day 8 the guillotine door separating the two com-
partments was removed and the time spent by the rat in
each compartment was recorded during 15 min (900 s) of
observation. The difference in seconds between the time
spent in the drug-paired compartment in the post-condi-
tioning test and that spent in the pre-conditioning one is
a measure of the degree of conditioning induced by the
drug. If this difference is positive then the drug has induced
a preference for the drug paired compartment, while the
opposite indicates the induction of an aversion.

Drugs. The control rats received two SC injections of saline,
one 10 min and the other immediately before exposure to
the white or grey compartment, i.e. during the 4 days of
conditioning. To study the effect of drugs on place-condi-
tioning, the drugs, dissolved in saline were given SC (0.1 ml/
100 g) immediately before placing the rats in the compart-
ment. To study the effect of SCH 23390 (0.05 mg/kg SC
in saline) alone or in combination with the drugs, the antag-
onist was given in place of the 10 min saline injection.
SCH 23390 was paired with both compartments. Morphine
HCI, nicotine hydrogen tartrate, naloxone HC! (Sigma) and
picrotoxin (Sigma) were dissolved in saline. Diazepam (Va-
lium, Roche) and phencyclidine hydrochloride (Sernylan,
Bio-Ceutic Laboratories Inc., St Joseph, Miss., USA) were
diluted with saline from concentrated solutions.

Statistics. The significance of differences between the pref-
erence in the pre-conditioning trial and in the drug condi-

tioned one was evaluated by two-way ANOVA foliowed
by post hoc Newman-Keuls test.

Results

Saline and SCH 23390

As shown in Figs. 1 and 2 conditioning with saline paired
with both sides of the box, failed to alter side-preference.
SCH 23390 paired with both sides also failed to modify
side-preference at dose of 0.05 mg/kg SC [F(1.8)=1.85, P>
0.05]. In order to investigate if SCH 23390 by itself is capa-
ble of intrinsic motivational properties in the place-condi-
tioning paradigm, we paired SCH 23390 (0.05 mg/kg SC)
with the preferred environment and, in other rats, with the
non-preferred environment. SCH 23390 failed to shift the
spontaneous side-preference of the rats when paired with
the preferred [F(1,14)=2.45, P=0.13], or with the non-pre-
ferred compartment [F(1,18)=0.12, P=0.6].

co 4004 *
Lo 4 o
,(—;m 5 = *

*
38 + +
—5 2004 8 ** 3
[l o o
g_E I T
[oN
o, @ A *
@ 0
Y
£y sl g8 ¢a 23
£o “ = = ‘: :’f &
3 + + +
9
o2 —~2004 3 0 g 3 =
£°5 8 =
%’o. 3 c by
£3 & < 2
g5 —400- @

Fig. 1. Effect of SCH 23390 0.05 mg/kg SC on side preference in-
duced by morphine (MOR) (1.0 mg/kg SC), nicotine (NIC)
(0.6 mg/kg SC) and diazepam (DIAZEPAM) (1.0 mg/kg IP) paired
with the less preferred compartment. Results indicate the mean
(+SEM) of differences in time (s) spent in the drug-paired or
in the less preferred compartment (saline conditioning) in the pre-
and post-conditioning test (side-preference shift). *P < 0.05 for shift
in side-preference (Newman-Keuls); **P <0.05 for differences in
the shift in side-preference (Newman-Keuls)
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Fig. 2. Effect of SCH 23390 (0.05 mg/kg SC) on side-preference
conditioned by naloxone (NALOXONE) (0.8 mg/kg SC), phencyc-
lidine (PCP) (2.5mg/kg SC) and picrotoxin (PICROTOXIN)
(2.0 mg/kg IP) paired with the preferred compartment. Results are
expressed as the mean (+SEM) side-preference shift (s) for the
drug-paired or for the more preferred compartment (saline condi-
tioning). *P <0.05 for shift in side preference (Newman-Keuls);
** P < (.05 for differences in the shift in side-preference (Newman-
Keuls)



Morphine

As shown in Fig. 1, morphine, at doses of 1.0 mg/kg SC,
paired with the less-preferred compartment, induced place-
preference; rats showed a significant difference in side-pref-
erence between pre- and post-conditioning test [F(1.18)=
32.29, P<0.005)]. In agreement with previous results
(Leone and Di Chiara 1987}, SCH 23390 (0.05 mg/kg SC)
paired with both compartmentis prevented morphine-in-
duced place-preference conditioning, as indicated by the
non significant difference in side-preference between pre-
and post-conditioning tests [F(1,8)=3.59, P>0.005]. Two-
way ANOVA of the difference in side-preference between
pre- and post-conditioning tests yielded a significant main
effect of Group [F(3,20)=7.88, P<0.001]; Newman-Keuls
post hoc analysis showed a significant difference between
saline and morphine (P<0.05) and between saline +mor-
phine and SCH 23390 + morphine (P <0.05).

Nicotine

As shown in Fig. 1, nicotine, at the dose of 0.6 mg/kg SC,
elicited place-preference when paired with the non-preferred
compartment under strongly biased conditions (80% or
more of the time spent in one compartment in the pre-
conditioning test) [F(1,8)=16.50, P<0.005]. Pairing of
SCH 23390 (0.05 mg/kg SC) with both compartments com-
pletely prevented nicotine-induced place-preference; thus,
rats showed a non-significant difference in side-preference
between pre- and post-conditioning test [F(1,8)=0.27, P>
0.05]. Two-way ANOVA of the shift in side-preference be-
tween pre- and post-conditioning test yielded a significant
main effect of Group under highly biased conditions
[F(3,14)=7.49, P<0.005]; Newman-Keuls post-hoc analy-
sis showed a significant difference between saline and nico-
tine-injected animals under strongly biased conditions (P <
0.05) and between saline + nicotine and SCH 23390 -+ nico-
tine (P<0.05). In agreement with Clarke and Fibiger
(1987), nicotine (0.6 mg/kg SC) failed to induce significant
place-preference under unbiased pre-conditioning condi-
tions [F(1,8)=0.27, P=0.6].

Diazepam

As shown in Fig. 1, in agreement with Spyraki et al. (1985),
pairing of diazepam (1.0 mg/kg IP) with the non-preferred
compartment induced place-preference as shown by the sig-
nificant difference in side-preference between pre- and post-
conditioning tests [F(1,18)=33.60; P<0.001]. SCH 23390
(0.05 mg/kg SC) paired with both compartments prevented
diazepam-induced place-preference conditioning as indi-
cated by the non-significant differences in side-preference
between pre- and post-conditioning tests [F(1,18)=0.05,
P>0.05]. Two-way ANOVA of the differences between pre-
and post-conditioning tests yielded a significant Group ef-
fect [F(3.26)=11.35, P<0.001]; Newman-Keuls post-hoc
analysis showed a significant difference between saline and
diazepam (P < 0.05) and between saline + diazepam and dia-
zepam + SCH 23390 (P <0.05).

Naloxone

As shown in Fig. 2, and in agreement with Mucha et al.
(1984), pairing of naloxone (0.8 mg/kg SC) with the pre-
ferred compartment resulted in place-aversion [F(1,16)=
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27.44, P<0.005]. SCH 23390 (0.05 mg/kg SC) paired with
both compartments abolished naloxone induced place-aver-
sion as indicated by the non-significant difference between
pre- and post-conditioning tests [F(1,18)=3.06, P>0.05].
Two-way ANOVA yielded a significant difference between
groups [F(3,25)=6.50, P <0.003]; post-hoc analysis showed
significant differences between saline and naloxone (P<
0.05) and between saline +naloxone and SCH 23390+ na-
loxone (P <0.05).

Phencyclidine

As shown in Fig. 2, pairing of phencyclidine (2.5 mg/kg
SC) with the preferred compartment resulted in place-aver-
sion [F(1,8)=13.02, P<0.005]. SCH 23390 (0.05 mg/kg SC)
paired with both compartments strongly reduced the place-
aversion induced by phencyclidine; rats showed a non-sig-
nificant difference between pre- and post-conditioning
[F(1,8)=1.29, P>0.05]. Two-way ANOVA yielded a signi-
ficant difference between the groups [F(3,16)=5.06, P<
0.001]; Newman-Keuls post-hoc analysis indicated signifi-
cant differences between saline and phencyclidine-injected
animals (P<0.05) and between saline+ phencyclidine and
SCH 23390+ phencyclidine (P < 0.05).

Picrotoxin

As shown in Fig. 2 and in agreement with Spyraki et al.
(1985), pairing of picrotoxin (2.0 mg/kg IP) with the pre-
ferred compartment resulted in a negative side preference
shift, ie. place-aversion, [F(1,18)=31.01, P<0.001].
SCH 23390 (0.05 mg/kg SC) paired with both compart-
ments abolished picrotoxin-induced place-aversion as indi-
cated by the lack of side preference shift [F(1,18)==3.07,
P>0.05]. Two-way ANOVA yielded a significant difference
between groups [F(3,31)=6.48, P<0.001]; post-hoc analy-
sis showed significant differences between saline and picro-
toxin (P<0.05) and between saline+picrotoxin and
SCH 23390+ picrotoxin (P <0.05).

Discussion

Our results show that blockade of D; receptors by low
doses of SCH 23390 reduces drug-conditioned place-prefer-
ence as well as drug-conditioned place-aversion. In fact,
SCH 23390 pretreatment, paired with both compartments,
while failed to modify spontaneous side-preference, abol-
ished morphine-, nicotine- and diazepam-induced place-
preference as well as naloxone-, phencyclidine and picro-
toxin- induced place-aversion. The results obtained here
with morphine thus confirm our previous data using a
place-preference procedure not involving a pre-conditioning
test (Leone and Di Chiara 1987). As SCH 23390 is a potent
and specific antagonist of D; DA receptors (Torio et al.
1983; Hyttel et al. 1983), its effects on drug conditioned
place-preference are likely to result from impaired DA
transmission. An eventual mediation of SCH 23390 effects
by the blockade of 5HT, receptors is highly unlikely, as
metergoline, a potent SHT antagonist, failed to duplicate
the effects of SCH 23390 (Di Chiara et al. in preparation).
On the other hand the ability of blocking drug-conditioned
place-aversion and place-preference does not seem to be
specific for SCH 23390, as other DA receptor blockers,
which act on another DA-receptor subtype (D,), have been
reported to impair drug-induced place-preference (Bozarth
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and Wise 1981; Spyraki et al. 1983; Leone and Di Chiara
1987) as well as place-aversion (Iwamoto 1986).

The effect of SCH 23390 on the motivational properties
of the drugs studied does not seem to result from the non-
specific motivational effects of SCH 23390 itself: in fact,
SCH 23390 failed to alter side-preference when specifically
paired with one compartment.

The place-preference effects of nicotine are debated and
require some comment. Fudala etal., (1985), obtained
place-conditioning in a biased condition by pairing nicotine
with the less preferred compartment, while Clarke and Fi-
biger {1987) failed to obtain place-conditioning with this
drug in unbiased conditions.

Our results might explain these discrepancies, since they
show that the ability of nicotine to elicit place-preference
depends on the spontaneous preference of the animals:
thus, place-preference can be clearly shown only in rats
with a strong spontaneous preference for one compartment
and by pairing the drug with the less preferred compart-
ment.

This property of nicotine is rather puzzling if one con-
siders that morphine, cocaine and amphetamine, three well
known reinforcers, elicit place-preference in biased as well
as in unbiased conditions (Spyraki et al. 1982a, b; Mackey
and Van der Kooy 1984; Mucha and Iversen 1984). If one
excludes other mechanisms (e.g. state-dependent learning),
a simple explanation of the difficulty of demonstrating a
place-preference effect of nicotine in unbiased conditions
is that this drug is not a particularly strong reinforcer. Inas-
much as the place-preference conditioning induced by the
drugs investigated by us is dependent upon their motiva-
tional properties (Mucha et al. 1982; Blander et al. 1984;
Mucha and Iversen 1984; Bardo et al. 1984), the effect of
SCH 23390 might be explained as being due to an interfer-
ence with the reinforcing efficacy (positive or negative) of
the drugs. In the case of positively reinforcing stimuli (mor-
phine, nicotine and diazepam) the effect of SCH 23390 can
be explained by postulating that the antagonist attenuates
the rewarding impact of the stimulus (“ anhedonia™), (Wise
1983) and is in agreement with the ability of SCH 23390
to block operant responding (Nakajima 1986), rewarding
brain stimulation (Nakajima and McKenzie 1986; Sanger
1987), place-preference induced by morphine and amphet-
amine (Leone and Di Chiara 1987), food-rewarded operant
responding, (Beninger et al. 1987) and cocaine-induced rew-
ard (Koob etal. 1987). However, an interference of
SCH 23390 with the rewarding impact of the stimulus does
not explain its effects on negatively reinforcing (aversive)
stimuli such as naloxone, phencyclidine and picrotoxin.
These might instead be postulated to be due to an impair-
ment of the aversive properties of the stimulus. It appears
therefore, that SCH 23390 blocks both rewarding as well
as aversive motivational influences, as postulated by Dews
and Morse (1961) for neuroleptics in general.

Since SCH 23390 is a potent D, antagonist, these results
suggest that DA is necessary for operant behaviour not
simply (or not even) because it mediates reward but because
it is essential for conferring motivational relevance (and
therefore significance in terms of conditioning) to stimuli
irrespective of their negative (aversive) or positive (reward-
ing) quality. Accordingly, lack of DA rather than “anhe-
donia” (lack of pleasure) would result in lack of motiva-
tion; within this frame work, “anhedonia” would be just
one expression of a more general disturbance of motivation.

The present hypothesis fully agrees with the well known
effect of neuroleptics in man. These drugs have been de-
scribed to reduce not only the “euphoria™ but also the
“dysphoric” effects of psychoactive drugs; moreover, neu-
roleptics are known to reduce the affective impact of nega-
tive as well as positive stimuli in man (Belmaker and Wald
1977; Baldessarini 1980). Most relevant to this issue is the
description given in 1952 by Delay and Deniker (Delay
and Deniker 1952) of the effect of chlorpromazine in man:
“apparent indifference, slowing of responses to external
stimuli, diminution of initiative and of anxiety”. On this
basis neuroleptic-induced lack of motivation might be re-
garded as a form of “apathy” (lack of motivation) rather
than of “anhedonia” (lack of pleasure).
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